Various types of acute and subacute lung injury can cause severe reactive pneumocyte atypia, which may mimic malignant proliferations and present a major diagnostic pitfall. This particularly applies to cytologic preparations and frozen sections, where background inflammatory injury may be subtle or not apparent. Although several distinguishing morphologic features of reactive pneumocytes have been suggested, there is significant overlap with neoplastic proliferations. In this article, a highly distinctive but underrecognized feature of reactive pneumocytes is highlighted that can serve as a useful diagnostic clue. The feature refers to the distinctive pinched shape of reactive pneumocytes, for which the author has coined the term ''Napoleon hat'' sign to draw the analogy with the iconic headwear. The analogy vividly captures the distinctive shape of reactive pneumocytes, and can serve as a useful diagnostic and teaching tool in the interpretation of pulmonary specimens.
(Arch Pathol Lab Med. doi: 10.5858/arpa.2019-0615-SA) O ne of the most challenging and exceedingly common diagnostic dilemmas in pulmonary pathology is the distinction between reactive and neoplastic epithelial atypia. In particular, reactive pneumocytes in various infectious or inflammatory lung diseases can exhibit marked cytologic atypia, which can closely resemble malignancy. The distinction can be particularly problematic in cytologic preparations, but may occasionally be encountered in histologic specimens as well, especially frozen sections and small biopsies.
Cytomorphologic features of reactive pneumocytes can be extremely alarming, exhibiting various features closely mimicking malignancy. The most severe reactive pneumocyte atypia occurs in florid diffuse alveolar damage, where in the organizing phase, hyaline membranes are associated with markedly atypical pneumocytes. However, more limited acute and subacute lung injuries (such as organizing pneumonia, infarcts, or drug reactions) can result in severe but more focal pneumocyte atypia. Notably, the decline in medical postmortem examinations in recent years has led to an increasingly limited exposure of pathology trainees to histomorphologic features of diffuse alveolar damage and declining familiarity with the morphologic spectrum of reactive pneumocytes in this setting. 1 Key morphologic features of reactive pneumocytes in acute/subacute lung injury include marked cytomegaly, prominent nucleoli, and chromatin irregularities (clumping or clearing). Macronucleoli-of the type seen in melanomas or viral cytopathic effects-can be present. Nuclear contours may become focally irregular, but tend to remain smooth. Overdiagnosis of reactive pneumocytes as adenocarcinoma is well documented in the literature. [2] [3] [4] [5] Some reactive pneumocytes have dense (squamatized) cytoplasm, which may also mimic squamous cell carcinoma. 6 In cytologic specimens, overinterpretation of reactive pneumocytes as carcinoma has been widely reported for bronchioloalveolar lavage specimens in patients with acute respiratory distress syndrome. 2, 3 This issue has also been reported in patients with bone marrow transplantation 7 or lung transplantation, 8 where epithelial atypia may be related to drug reaction, infection, graft-versus-host disease in the former setting, or acute cellular rejection in the latter setting. Reactive pneumocytes associated with granulomatous inflammation may also present a major pitfall. 9 Although the challenges with reactive pneumocytes are most common in cytologic preparations, where geographic relationship of these cells to an underlying inflammatory process may not be apparent, atypical pneumocytes can also present a major challenge in the interpretation of histologic specimens, particularly small biopsies and frozen sections. 10 In some but not all instances, awareness of the clinical and radiologic setting can provide important clues to the infectious/inflammatory nature of the process. For example, it is well recognized that in the setting of rapid onset of diffuse lung infiltrates in a bone marrow transplant recipient, epithelial atypia in cytologic preparations should be interpreted with extreme caution. 2,3 However, some inflammatory lesions, such as organizing pneumonia or granulomas, may have nodular presentation that may radiologically mimic malignancy. Conversely, the diffuse nature of lung infiltrates cannot be always equated with the reactive/inflammatory process because such radiologic presentation is also seen with some malignancies, particularly carcinomas that diffusely permeate pulmonary lymphatics-so-called lymphangitic carcinomatosis. Therefore, Illustration of the Napoleon hat sign in reactive pneumocytes in histologic and cytologic specimens. A, Core biopsy illustrating acute lung injury following cytotoxic chemotherapy, likely representing a drug reaction. A prominent feature is highly atypical pneumocytes with marked cytomegaly, occasional binucleation, and variably dense or vacuolated cytoplasm. Many cells have a distinctive elongated shape with pinched ends and flattened surface (arrow). B, Cytologic touch preparation smear corresponding to the biopsy in A showing loosely cohesive aggregates of massively enlarged epithelial cells (compare with adjacent red blood cells) and foamy histiocytes. Macronucleoli are evident in some cells. Elongated/flattened shapes are well preserved in many cells (arrow). C through E, Touch preparation smears from 3 additional cases of various forms of lung injury with reactive pneumocytes, illustrating markedly enlarged and highly atypical epithelial cells retaining distinctive Napoleon hat-like shapes. Such cells may be found only focally among rounded or cuboidal atypical cells (arrow in E). F, Graphic illustration of the in many instances, the clinical setting does not provide enough clues to the reactive versus neoplastic etiology of the pulmonary lesions, and the distinction relies entirely on histomorphologic interpretation of epithelial atypia. The challenge is exacerbated by the complete lack of ancillary markers for the distinction of reactive versus neoplastic pneumocytes.
Several cytomorphologic features distinguishing reactive from neoplastic pneumocytes have been highlighted in the literature. 2, 3, [11] [12] [13] [14] [15] First, reactive pneumocytes tend to exhibit a spectrum of atypia ranging from clearly benign to markedly atypical. Second, reactive pneumocytes in acute/subacute lung injuries frequently exhibit peculiar vacuolization of cytoplasm and frequent binucleation. Lastly, marked cytomegaly of reactive pneumocytes is usually characterized by a proportional increase of nucleus and cytoplasm, resulting in preserved nuclear to cytoplasmic ratio. Although these features can be helpful, in many instances the distinction of marked reactive pneumocyte atypia from carcinoma can be extremely difficult.
In the author's experience, one underrecognized but extremely helpful cytomorphologic clue to reactive pneumocytes in acute/subacute lung injuries is their highly distinctive shape, characterized by an elongated/pinched outline with a flat surface on one side and a convex surface with protruding nucleus on the opposite side ( Figure, A through E). The flat surface corresponds to the area where the pneumocytes are plastered against the alveolar wall, whereas the convex surface corresponds to the area protruding into the airspaces. Even though the relationship of reactive pneumocytes to alveolar walls is usually not evident in dispersed cytologic preparations or may be obscured in frozen sections and some small biopsies, this distinctive shape of reactive pneumocytes tends to be preserved in such specimens. This shape evokes the look of Napoleon Bonaparte's iconic headwear-the bicorne (2cornered) hat, thus prompting the proposed term of a ''Napoleon hat'' sign ( Figure, F) . Unlike reactive proliferations, the Napoleon hat shapes are only rarely encountered in carcinomas. Although lepidic adenocarcinomas do feature rows of neoplastic pneumocytes growing along alveolar walls, those cells characteristically have cuboidal/ hobnail rather than elongated/pinched shapes.
Notably, Napoleon hat shapes tend to be well preserved in direct smears from fine-needle aspirates and touch preparations of core biopsies (Figure, B through E) , whereas in bronchioloalveolar lavage fluids, cells tend to get rounded off, and this feature appears to be more subtle but still evident in some cells. In frozen section and small biopsies, Napoleon hat shapes may also provide a useful clue to a reactive nature of epithelial atypia.
It is also important to note that while in florid diffuse alveolar damage Napoleon hat shapes can be numerous, in more limited acute/subacute lung injuries, they may appear in only a subset of cells. Thus, even if identified in a minority of cells, a Napoleon hat sign should raise the consideration of a reactive process rather than malignancy.
Overall, the Napoleon hat analogy vividly captures the distinctive shape of reactive pneumocytes, and can serve as a useful teaching and diagnostic tool in the interpretation of pulmonary specimens. I gratefully acknowledge medical illustrator Terry Helms, CMI (Memorial Sloan Kettering Cancer Center Design and Creative Services department) for creating the drawing in the Figure, F . Many thanks to my colleagues at Memorial Sloan Kettering Cancer Center thoracic pathology and cytopathology services for helping develop this concept and provide helpful feedback on its utility in clinical practice.
